Oxidation kinetics of fluorene (Fl) and its halogenated derivatives, namely, 2,7-dichlorofluorene (Fl-Cl), 2,7-dibromofluorene (Fl-Br) and 2,7-diiodofluorene (Fl-I), by permanganate ion in both perchloric and sulfuric acid media have been investigated using conventional spectrophotometric technique. In both acidic media, the reactions manifested first order kineticsin [permanganate] and less than unit order each in [reductants] and [acid]. Increasing ionic strength had no effect on the oxidation rates. Oxidation rates of fluorenes in perchloric acid were higher than those in sulfuric acid and the order of the oxidation rates was: Fl > Fl-I > Fl-Br > Fl-Cl. Final oxidation products were identified by GC/MS and FT-IR analyses in all cases as 9H-fluorenone derivatives. Reaction constants as well as activation parameters of the second order rate constants were also evaluated.
pronounced high fluorescent quantum yield, countless optical nonlinear properties, photo-stability, and outstanding hole-transporting possessions [7] [8] . For these inserting and multi-addressable properties, fluorenes have been used extensively as focused constituents for organic light-emitting diodes, dye-sensitized solar cells, photosensitizers, emission microscopy [9] [10] . Furthermore, fluorene and its substituted derivatives are shown some effective and noticeable precursors for the synthesis of the sounding and promising photochromic di and tetrahydroindolizines [11] [12] [13] .
Potassium permanganate is considered as the most powerful multi-electron oxidant employed in the kinetic studies of oxidation of various compounds in different media [14] [15] [16] [17] [18] [19] [20] [21] [22] . The mechanism of oxidation by this eco-friendly oxidant depends not only on the reductant but also on the reaction medium. Throughout permanganate oxidation, manganese (VII) species in permanganate is reduced to various oxidation states in different media [23] [24] [25] [26] [27] [28] . However, no work has been reported on the kinetics and mechanism of oxidation of fluorene or its derivatives as well. In view of the above arguments, we tend to investigate the kinetics and mechanism of oxidation of fluorine and its halogenated derivatives with permanganate ion in both perchloric and sulfuric acids media in order to establish the optimum conditions affecting such oxidations and to elucidate a plausible oxidation mechanism.
Experimental

Materials
Fluorene and its derivatives, 2,7-dichloroflourene, 2,7-dibromoflourene and 2,7-diiodoflourene were synthesized as reported [29] [30] and the synthesized fluorene derivatives were characterized by both spectroscopic and analytical tools. For example, the 1H NMR (400 MHz, CDCl 3 ) spectrum of 2,7-dibrom-fluorene showed the flowing signals (δ = 7.66 (s, 2H, 1,8-CH-arom.), 7.55-7.59 (dd, J = 7.6, 1.5 Hz, 2H, 3.6-CH-arom.), 7.50-7.52 (dd, J = 7.6, 2.4 Hz, 2H, 4,5-CH-arom. A fresh solution of permanganate was prepared and was standardized as reported earlier [31] [32] . All other chemicals were of Aldrich grade. . Kinetics of the oxidation reactions were followed spectrophotometrically within the UV-Vis spectral range by recording the disappearance of permanganate absorbance with time at λ = 526 nm. These measurements were performed on a thermostatted Shimadzu UV-VIS-NIR-3600 double-beam spectrophotometer. Fluorene derivatives were confirmed by both spectroscopic and analytical tools. NMR was recorded on a Bruker Advance 400
Kinetic Measurements
MHz and GC-Mass spectra were recorded on a Shimadzu GCMS-QP1000 EX mass spectrometer at 70 eV. The observed-first order rate constants (k obs ) were calculated as slopes of the plots of ln(absorbance) versus time plots, which were straight for about 75% of the oxidation reactions and the such rate constants were reproducible to within 3% -4%. showed a very strong signal at 1712 cm −1 related to the (C=O) group which is absent in the 2,7-dichloro-9H-fluorene (Fl-Cl). In addition, the finger prints of the product were different from that of the corresponding substrate. 
Results and Discussion
Stoichiometry and Product Analysis
Spectral Changes
Order of Reactions
The orders of the oxidation reactions regarding to the reactants concentrations have been evaluated from the plots of log k obs versus log (conc.). ) and at fixed other variables. The rate constants were increased as [H + ] increased in both acidic media as listed in Table 1 
Effect of Ionic Strength
At constant concentrations of the reactants and with other conditions constant, ) using sodium perchlorate in perchloric acid and sodium sulfate in sulfuric acid medium. The results listed in Table 1 indicated that variation of ionic strength had no significant effect on the oxidation rates.
Effect of Temperature
To calculate the activation parameters, the observed rate constants were measured at four temperatures, namely 288, 298, 308 and 318 K, at fixed other variables. The observed rate constants were found to increase with raising temperature and the activation parameters of the second order rate constants, k 2 , (k 2 = k obs /[S]) were evaluated using Arrhenius and Eyring plots ( Table 2 ).
Polymerization Study
Known quantities of acrylonitrile monomer were added to the reactions mixtures in both acidic media and were kept in an inert atmosphere for about 6
hours. When the reactions mixtures were diluted with methanol, progressive white precipitates were formed suggesting intervention of free radicals during these reactions.
Reaction Mechanism
It was reported [33] [34] that permanganate ion in acidic medium combines with H + ion to form a more stronger oxidant called permanganic acid as illustrated by the first step in Scheme 1. This was supported by increasing oxidation rates with increasing acid concentration. On the other hand, many investigators [17] [18] [19] [20] [21] [22] [23] [24] reported that, most oxidation reactions using permanganate oxidant proceed through formation of intermediate complexes between substrate and Scheme 1. Mechanism of oxidations of fluorenes by permanganate ion in acid media. Table 2 . Activation parameters of the second order rate constant, k 2 , in the oxidations of fluorene and its derivatives by permanganate ion in perchloric and sulfuric acids media. Owing to the suggested mechanism, rate of oxidation reaction can be expressed by the following rate law:
The relationship between the oxidation rate and the oxidant, substrate and hydrogen ion concentrations is deduced (See Appendix A) to give the following equation:
Under pseudo-first order condition,
From Equations (2) and (3),
Regarding to Equations (4) The slopes and intercepts of such plots lead to calculation of the values of k 1 , K 1 and K 2 (Table 3) . On the other hand, the negative values of entropy of activation (∆S ≠ ) listed in Table 2 supports formation of compacted intermediate complexes [38] 
Conclusion
Oxidations of fluorene derivatives by potassium permanganate in acidic medialed to formation of the corresponding ketones (9H-fluorenone derivatives) and the oxidations rate was: Fl > Fl-I > Fl-Br > Fl-Cl. Reaction constants as well as activation parameters were evaluated.
